ノンパラメトリック群逐次検定 (Statistical Experiments and Clinical Trials) by 宇野, 一
Titleノンパラメトリック群逐次検定 (Statistical Experiments andClinical Trials)
Author(s)宇野, 一








Department of Biostatistics, Center for Clinical Pharmacy and Clinical Sciences,








, 1) recursive integration, 2) 2 ,






, $\dot{\text{ }}$ .
1 .
, ,
, , . , $\text{ }$ .
. ,
.
Hu and Lagakos(1999) ,
, ,
, “. ”’ . T
,
$\mathrm{P}\mathrm{r}$ {$\mu(\cdot)\in B_{k}$ , for $1\leq k\leq K$} $\geq 1-\alpha$ ,
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- $B_{k}$ , $\mu 0(\cdot)$ , , , $H_{0}$ : $\mu(\cdot)=\mu \mathrm{o}(\cdot)$
, .
- $B_{k}$ , $\mu 0(\cdot)$ , ,
.
($K$ )
- $B_{K}$ , $\mu 0()$ , , , $H0$ : $\mu(\cdot)=\mu \mathrm{o}()$
.








$X_{n}$ $F$ . ,
,
$F_{n}(t) \equiv\frac{1}{n}\sum_{i=1}^{n}1[X_{i}\leq t]$ , (1)
, $H_{0}$ : $F(\cdot)=F_{0}(\cdot)$ , [ ,
$Z= \sup_{t}\sqrt{n}|(F_{n}(t)-F_{0}(t))|$ , (2)
.
. , , $K$
. , $T_{1}<T_{2}<\cdots<T_{K}$ .
$\mathrm{A}\mathrm{a}$
,
. , $k$ $T_{k}$ [ ,
$F_{n}(T_{k}, t)= \frac{\sum_{i=1}^{n}1[S_{i}\leq T_{k}]\cross 1[X_{i}\leq t]}{\sum_{i=1}^{n}1[S_{i}\leq T_{k}]}$. (3)









, $c_{1,\ldots,K}c$ , , .
$\mathrm{P}\mathrm{r}$ [$\sup_{t}|\mathrm{G}_{n}(T_{l},$ $t)|\leq c_{l}$ for $1\leq l\leq k-1$ and $\sup_{t}|\mathrm{G}_{n}(T_{k},t)|>c_{k}$] $=\pi k$ for $k=1,$ $\ldots,K,$ $(7)$
$\sum_{k=1}^{K}\pi_{k}=\alpha$ .
, , , $\sup_{t}|\mathrm{G}_{n}(T_{k}, t)|$
$\mathrm{A}$ ‘ , recursive $\dot{|}\mathrm{n}\mathrm{t}\mathrm{e}\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$ (Armitage et. a[(1969)) ,
(Schervish (1984)) . ,
. , Hnnd Lagakos (1999)
, Lin, Wei and Ying (1993) ,
.
1
$k=1,$ $\ldots,$ $K$, ,
$\mathrm{G}_{n}^{L}(T_{k},t)\equiv\sqrt{n}[.\cdot.\frac{\sum_{=1}^{n}1\{S_{1}\leq T_{k}\}[1\{X.\leq t\}-F_{n}(T_{k},t)]Z_{}}{\sum_{=1}^{n}1\{S_{1}\leq T_{k}\}}.\cdot.\cdot]$ , (8)
. , $Z.\cdot,$ $(i=1, \ldots, n)$ . $arrow$
, $\{X.\cdot, S.\cdot\}$ K- ,
$(\mathrm{G}_{n}^{L}(T_{1}, t),$
$\ldots,$
$\mathrm{G}_{n}^{L}(T_{K}, t))’$, , $K$- , , $\mathrm{g}_{\backslash }$
$(\mathrm{G}_{n}(T_{1}, t),$
$\ldots,$
$\mathrm{G}_{n}(T_{K}, t))’$ . .
$c_{1\cdot\cdot K}.,.,$$c$ .
1. $\pi_{1},$ $\ldots,\pi\kappa$ , $n$ ,
1 .
2. , $Z_{1},$ $\ldots,$ $Z_{n}$ , $M$ .
3. 1 , $k=1$ , , $M$ ,
$\mathrm{G}_{n}^{L}(T_{1}, t)$ , , $\sup_{t}|\mathrm{G}_{n}^{L}(T_{1}, t)|$ , $1-\pi_{1}$ % .
1 , $c_{1}$ , . ,
, $\mathrm{G}_{n}^{L}(T_{1}, t)$ , $c_{1}$ , T $\pi_{1}M$ .
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4. 2 , $k=2$ , , 1 ,
$\mathrm{G}_{n}^{L}(T_{1}, t)$ $\mathrm{G}_{n}^{L}(T_{2}, t)$ , $\sup_{t}|\mathrm{G}_{n}^{L}(T_{2}, t)|$ ( , $\sup_{t}|\mathrm{G}_{n}^{L}(T_{1}, t)|$ $c_{1}$
, $\sup_{t}|\mathrm{G}_{n}^{L}(T_{2}, t)|\mathrm{B}^{\grave{\grave{1}}}c_{2}$ T $\pi 2M$ , $c_{2}$ . $c_{2}$ 2
.
5. 3 , $\mathrm{G}_{n}^{L}(T_{1}, t),$ $\mathrm{G}_{n}^{L}(T_{2}, t)$ ,
$\mathrm{G}_{n}^{L}(T_{3}, t)$ , .
, $k$ $\mathrm{G}_{n}(T_{k}, t)$ $c_{k}$
, $H_{0}$ . , .
$\alpha$ .
, , , $F(\cdot)$
, $1-\alpha$ , .
$B_{k}\equiv\{$ $\nu(\cdot)$ : $\nu(t)\in[\max\{0,\hat{F}_{n}(T_{k}, t)-\frac{c_{k}}{\sqrt{n}}\},$ $\min\{\hat{F}_{n}(T_{k}, t)+\frac{c_{k}}{\sqrt{n}}, 1\}]\},$ $k=1,$ $\ldots,$ $K$.
(9)
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2 . $X_{1},$ $\ldots$ , X $F$
, $\mathrm{Y}_{1},$
$\ldots,$
$\mathrm{Y}_{n}$ $G$ . , .
,
$D_{FG} \equiv\sup_{t}(\frac{mn}{m+n})^{1/2}|F_{m}(t)-G_{n}(t)|$ ,
$F_{m}(t)= \frac{1}{m}\sum_{i=1}^{m}1[X_{i}\leq t],$ $G_{n}(t)= \frac{1}{n}\sum_{i=1}^{n}1[\mathrm{Y}_{i}\leq t]$ .
, $K$ , $K$
.
$(\begin{array}{l}\mathrm{M}(T_{1},t)\mathrm{M}(T_{2},t)\vdots\mathrm{M}(T_{K},t)\end{array})\equiv(\begin{array}{l}\sqrt{\frac{n}{}}\mathrm{G}_{m}^{X}(T_{1},t)-\sqrt{\frac{m}{}}\mathrm{G}_{n}^{\mathrm{Y}}(T_{1},t)\sqrt{\frac{m+nn}{m+n}}\mathrm{G}_{m}^{X}(T_{2},t)-\sqrt{\frac{m+nm}{m+n}}\mathrm{G}_{n}^{\mathrm{Y}}(T_{2},t)\vdots\sqrt{\frac{n}{m+n}}\mathrm{G}_{m}^{X}(T_{K},t)-\sqrt{\frac{m}{m+n}}\mathrm{G}_{n}^{Y}(T_{K},t)\end{array})$ (10)
, $\mathrm{G}_{m}^{X}(T_{k}, t)=\sqrt{m}(F_{m}(T_{k}, t)-F(t)),$ $\mathrm{G}_{n}^{Y}(T_{k}, t)=\sqrt{n}(G_{n}(T_{k},t)-G(t))$ ,
$F_{m}(T_{k}, t)$ $G_{n}(T_{k}, t)$ , $k$ .
$\mathrm{G}_{n}^{X}(T_{k}, t)$ $\mathrm{G}_{m}^{\mathrm{Y}}(T_{k}, t)$ , 0 ,
, $F(s)[1-F(t)],$ $G(s)[1-G(t)]$ $(s<t)$ . , $H_{0}$ : $F(\cdot)=G(\cdot)$
, $(\mathrm{M}(T_{1}, t),$ $\mathrm{M}(T_{2}, t),$
$\ldots,$





$\mathrm{C}\mathrm{o}\mathrm{v}(\mathrm{G}_{m}^{X}(T_{k}, s),\mathrm{G}_{m}^{X}(T_{l},t))=.\cdot.\frac{m\sum_{-1}^{m}-1[S.\leq T_{k}]1[S_{1}\leq T_{l}]}{\sum_{=1}^{m}[S.\leq T_{k}]\sum_{1=1}^{m}1[S_{1}\leq T_{l}]}\mathrm{i}..\cdot.F(s)[1-F(t)],$ for $s<t$ ,
,
$\mathrm{C}\mathrm{o}\mathrm{v}(\mathrm{G}_{n}^{Y}(T_{k}, s),\mathrm{G}_{n}^{\mathrm{Y}}(T_{l},t))=.\cdot.\frac{n\sum_{-1}^{n}-1[S_{1}\leq T_{k}]1[S_{}\leq T_{l}]}{\sum_{=1}^{n}[S.\leq T_{k}]\sum_{1=1}^{n}1[S.\leq T_{l}]}\mathrm{i}..\cdot G(s)[1-G(t)],$ for $s<t$ .
.
, $k=1,$ $\ldots,$ $K$ ,
$\mathrm{G}_{n}^{X}(T_{k}, \cdot)$ , $\mathrm{G}_{m}^{Y}(T_{k}, \cdot)$ . ,
$\mathrm{M}(T_{k}, \cdot)$ .
$\mathrm{M}^{L}(T_{k},t)$ $\equiv$ $( \frac{mn}{m+n})^{1/2}[\{..\frac{\sum_{=1}^{m}1\{S_{1}\leq T_{k}\}[1\{X.\leq t\}-F_{m}(T_{k},t)]Z^{X}}{\sum_{=1}^{m}1\{S.\leq T_{k}\}}.\cdot.\cdot$
.
$\}$
$- \{\frac{\sum_{j=1}^{n}1\{S_{j}\leq T_{k}\}[1\{\mathrm{Y}_{j}\leq t\}-G_{n}(T_{k},t)]Z_{j}^{Y}}{\sum_{j=1}^{n}1\{S_{j}\leq T_{k}\}}\}]$ ,
. , $Z^{X}.\cdot$ $Z_{j}^{Y}$ ,
. , , $K$- , $(\mathrm{M}^{L}(T_{1}, t),$ $\ldots,$ $\mathrm{M}^{L}(T_{K},t))’$ ,
$X_{1}.$ , $S_{1}.$ }, $i=1,$ $\ldots,$ $m$ and $\{\mathrm{Y}_{j}, S_{j}\},j=1,$ $\ldots,$ $n$ ,
, $(\mathrm{M}(T_{1}, t),$ $\ldots,$ $\mathrm{M}(TK, t))’$ $(m, narrow\infty)$ .
,
$D_{FG}= \sup_{t}(\frac{mn}{m+n})^{1/2}|F_{m}(t)-G_{n}(t)|=\sup_{t}|\mathrm{M}(T_{k},t)|$ . (12)
, $(\mathrm{M}^{L}(T_{1}, t),$ $\ldots,$ $\mathrm{M}^{L}(T_{K}, t))’$ , [




$\mathrm{P}\mathrm{r}$ [$\sup_{t}|\mathrm{M}(T_{l},t)|\leq c_{l}$ for $1\leq l\leq k-1$ and $\sup_{t}|\mathrm{M}(T_{k},$ $t)|>c_{k}$ ] $=\pi k$ for $k=1,$ $\ldots,$ $K$, (13)
, $\sum_{k=1}^{K}\pi_{k}=\alpha$. , , $\hat{D}_{FG}(T_{k})$ ,
, .




23 ( ) )
,
, $\mathrm{p}$ ( . ,
2 . 1 $(\mathrm{s}\mathrm{t}\mathrm{o}\mathrm{p}\mathrm{p}\dot{|}\mathrm{n}\mathrm{g}$
time, $T^{*}$), 1 $(Z_{T^{*}}^{*})$ . 2
$(T^{*}, Z_{T^{*}}^{*})$ terminal statistics . , $\mathrm{p}$ ,
. $\text{ }$ terminal statistics
$[succeq]$ , $\mathrm{p}$ .
$\mathrm{p}$-value $\equiv \mathrm{P}\mathrm{r}\{(T^{*}, Z_{T^{*}}^{*})[succeq](t^{*}, z_{t^{*}}^{*})|H_{0}\}$ , (15)
, $[succeq]$ , , ( $t^{*}$ , z\leftrightarrow , terminal statistics
.
[ , , Tsiatis, Rosner and Mehta
(1984)& stage-wise ordering . $\mathrm{S}\mathrm{t}\mathrm{a}\mathrm{g}\mathrm{e}-\mathrm{w}\dot{|}\mathrm{s}\mathrm{e}$ ordering[
.
$T_{1}>T_{2}$ $arrow$ $(T_{1}, Z_{T_{1}})[succeq](T_{2}, Z_{T_{2}})$
$T_{1}=T_{2}$ and $Z_{T_{1}}>Z_{T_{2}}$ $arrow$ $(T_{1}, Z_{T_{1}})[succeq](T_{2}, Z_{T_{2}})$
$T_{1}=T_{2}$ and $Z_{T_{1}}<Z_{T_{2}}$ $arrow$ $(T_{1}, Z_{T_{1}})\preceq(T_{2}, Z_{T_{2}})$
$T_{1}<T_{2}$ $arrow$ $(T_{1}, Z_{T_{1}})\preceq(T_{2}, Z_{T_{2}})$
3
, Visual Analog Scale(VAS)
. VAS , lOcm
( , “no $\mathrm{p}\mathrm{a}\dot{|}\mathrm{n}’’$ , [ “worst imaginable pain” $\mathrm{A}\backslash$
. , , 1 . ,
(cm), lOcm (%)
. , VAS , $\mathrm{O}\mathrm{c}\mathrm{m}\sim \mathrm{l}\mathrm{O}\mathrm{c}\mathrm{m}$, 0%\sim 100%
, .
1[ (Akhtar-Darnesh and Appleton (2000)). [ , placebo
paracetamol , , 0, 15, 30, 45, 60, 90 .
,
, , , 90
. , , 2
( 3 ) , .
, paracetamol placebo 1 ,
2 . , 3
. 3 , 5% , $(\pi_{1}, \pi_{2}, \pi_{3})$ (0.07%, 1.57%, 3.36%)
. paracetamol, placebo , 10,000 /
45
, . , (484, 261, 189)
. 2097 ,
( 2).
1: VAS (Akhtar-Darnesh and Appleton (2000) ). .
, ” $\mathrm{I}\mathrm{D}$” ” ” .
46
Stage 1(patient: X-OI\sim X-13 and Y-OI\sim Y-13)
AS $\mathrm{t}$ a \check \sim )

















$\mathit{0}$ $l\mathit{0}$ $n$ .0 $a$ $l\mathcal{O}$ $.\rho$ $n$ $\mathrm{r}$ $g\rho$ $m$
AS $\mathrm{a}\mathrm{m}\mathrm{b}\dot{\mathrm{m}}$)











$\mathrm{t}_{1}\mathrm{w}\mathrm{t}\mathrm{m}\mathrm{e}\mathrm{n}\mathrm{t}$ —- P’0.001 , $\mathrm{f}\mathrm{f}\mathrm{i}\cdot \mathrm{w}\mathrm{o}\mathrm{e}u\mathrm{n}\mathrm{o}1$




Stage 1(patient: X-OI\sim X-12 and Y-OI\sim Y-12)
$(\mathrm{b}t\cdot \mathrm{n}\triangleright\dot{\mathrm{n}})$
Stage 2(patient: X-OI\sim X-24 and Y-OI\sim Y-25)
$(n\cdot \mathrm{A}^{\cdot}.)$
Stage 3(patient: X-OI\sim X-38 and Y-OI\sim Y-39)
$\mathrm{V}\mathrm{A}S$ CM $\cdot \mathrm{n}4\cdots$)
2:
48
Stage 1(patient: X-OI\sim X-13 and Y-01\sim Y-13)
AS ($\mathrm{k}\mathrm{t}$ alnbri8)
Stage 2(patient: X-01\sim X-26 and Y-01\sim Y-26)
$\mathrm{S}$ alrbig)
Stage 3(patient: X-01\sim X-38 and Y-01\sim Y-39)






$\mathrm{k}=2$ 1.57% 2.64% 2.6094 2.3623
$\mathrm{k}=3$ 3.36% 5.00% 1.8950 2.0974
4
, ,
. , , Cr\’amer-von Mienses ,
$\mathrm{A}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{r}\mathrm{s}\mathrm{o}\mathrm{n}-\mathrm{D}\mathrm{a}\mathrm{r}1_{\dot{\mathrm{I}}}\mathrm{n}\mathrm{g}$ , [
, , .













, , 1 .
A.l
$X_{-},X_{2},$ $\ldots,X_{n}$ , $F$ .
, ,
$F_{n}(t) \equiv\frac{1}{n}.\sum_{1=1}^{n}1[X_{1}$. $\leq t]$ ,
.
50
$F$ , , .
$\mathrm{G}_{n}(\cdot)=\sqrt{n}[F_{n}(\cdot)-F(\cdot)]\Rightarrow B^{0}(F(\cdot))$ , as $narrow\infty$ , (16)
$B^{0}(\cdot)$ . $B^{0}(F(\cdot))$ 0, ,




. , $Z_{i},$ $(i=1, \ldots, n)$ .
,
$\mathrm{G}_{n}^{L}$ $\{X_{i}\}$ , $\mathrm{G}_{n}$ . ,
$\mathrm{G}_{n}^{L}|\{X_{i}\}(\cdot)\Rightarrow B^{0}(F(\cdot))$ ,
.
$\mathrm{F}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\dot{\mathrm{I}}\mathrm{o}\mathrm{n}\mathrm{a}\mathrm{l}$ Cen aI Limit Theorem (Pollard, Ch.lO) , $\mathrm{G}_{n}^{L}(\cdot)|\{X_{i}\}$ [ (
. , $\mathrm{G}_{n}^{L}(\cdot)|\{X_{i}\}$ 0 . ,
$\mathrm{C}\mathrm{o}\mathrm{v}[\mathrm{G}_{n}^{L}(s), \mathrm{G}_{n}^{L}(t)|\{X_{i}\}]$ [ $|_{\sqrt}\backslash$ ,
$\mathrm{C}\mathrm{o}\mathrm{v}[\mathrm{G}_{n}^{L}(s), \mathrm{G}_{n}^{L}(t)|\{X_{i}\}]$
$=$ $\mathrm{C}\mathrm{o}\mathrm{v}\{\sqrt{n}\sum_{i=1}^{n}[\frac{1\{X_{i}\leq s\}-F_{n}(s)}{n}]Z_{i},$ $\sqrt{n}\sum_{i=1}^{n}[\frac{1\{X_{i}\leq t\}-F_{n}(t)}{n}]Z_{i}\}$
$=$ $\frac{1}{n}\mathrm{E}[\{\sum_{i=1}^{n}[1\{X_{i}\leq s\}-F_{n}(s)]Z_{i}\}\{\sum_{i=1}^{n}[1\{X_{i}\leq t\}-F_{n}(t)]Z_{i}\}]$
$=$ $\frac{1}{n}\mathrm{E}[\sum_{i=1}^{n}[1\{X_{i}\leq s\}-F_{n}(s)][1\{X_{i}\leq t\}-F_{n}(t)]Z_{i}^{2}]$
$+ \frac{1}{n}\mathrm{E}[\sum_{i\neq j}[1\{X_{i}\leq s\}-F_{n}(s)][1\{X_{j}\leq t\}-F_{n}(t)]Z_{i}Zj]$
$=$ $\frac{1}{n}\mathrm{E}[\sum_{i=1}^{n}\{1\{X_{i}\leq s\}1\{X_{i}\leq t\}-1\{X_{i}\leq s\}F_{n}(t)-1\{X_{i}\leq t\}F_{n}(s)+F_{n}(s)F_{n}(t)\}Z_{\dot{\iota}}^{2}]$
$=$ $\frac{1}{n}[\sum_{i=1}^{n}1\{X_{i}\leq s\}1\{X_{i}\leq t\}-nF_{n}(s)F_{n}(t)]\mathrm{E}(Z_{i}^{2})$
$arrow$ $F(s)[1-F(t)]$ in prob. $(s<t)$
, , $\mathrm{C}\mathrm{o}\mathrm{v}[\mathrm{G}_{n}(s), \mathrm{G}_{n}(t)]$ .
51
$\mathrm{A}.3$ $\mathrm{f}_{\mathrm{l}1}\mathrm{f}\mathrm{f}\mathrm{i}1\emptyset^{\underline{\overline{\frac{}{-}}}}X$Bfl
, 1[ , $\mathrm{F}\mathrm{u}\mathrm{n}\mathrm{c}\mathrm{t}\dot{|}\mathrm{o}\mathrm{n}\mathrm{a}\mathrm{I}$ CentraI $\mathrm{L}_{\dot{\mathrm{I}}}\mathrm{m}\mathrm{i}\mathrm{t}$ Theorem(Pollard, Ch 10)
, $K$- , $\mathrm{G}_{n}^{L}(T_{k},t)|\{X_{1}., S.\cdot\}(\cdot)$ 0
. , , $\mathrm{C}\mathrm{o}\mathrm{v}(\mathrm{G}_{n}^{L}(T_{k}, s),$ $\mathrm{G}_{n}^{L}(T_{l}, t)|\{X.\cdot, S_{1}.\})$ , $s<t$ ,
$\mathrm{C}\mathrm{o}\mathrm{v}\{\sqrt{n}[.\frac{\sum_{1=1}^{n}1\{S\dot{.}\leq T_{k}\}[1\{X_{1}\leq s\}-F_{n}(T_{k},s)]Z_{1}}{\sum_{=1}^{n}1\{S.\leq T_{k}\}}.\cdot..\cdot]$ ,
$\sqrt{n}[.\cdot.\frac{\sum_{=1}^{n}1\{S_{1}\leq T_{l}\}[1\{X.\leq t\}-F_{n}(T_{l},t)]Z}{\sum_{=1}^{n}1\{S_{1}\leq T_{l}\}}.\cdot..\dot{.}]\}$
$arrow.\frac{n\sum_{-1}^{n}-1[S_{1}\leq T_{k}]1[S_{1}\leq T_{l}]}{\sum_{=1}^{n}[S_{1}\leq T_{k}]\sum_{=1}^{n}1[S_{}\leq T_{l}]}\mathrm{i}..F(s)[1-F(t)]$ in prob.
, $\mathrm{G}_{n}(Tk, \cdot)$ .
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